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Spent motor oil represents one of the most prominent and tenacious contaminants of soil within 
mechanic workshops across Nigeria as well as in several other countries around the globe. Adaptation 
and natural evolution proffer a rich array of microorganisms capable of producing bio-surfactants 
which are of high value to industry, particularly in hydrocarbon degradation. This study was aimed at 
investigating the removal of hydrocarbon contaminants in soil samples contaminated with motor oil 
(SAE 20-50) using biosurfactant-producing bacteria isolated from Apo mechanic village in the Federal 
Capital Territory, Nigeria. In this study, the microbes were isolated from spent motor-oil contaminated 
soil samples; screened for biosurfactant production through haemolytic assay, emulsification and 
foam capacity tests. Biosurfactant obtained were then used in bioremediation tests on motor oil 
contaminated soil samples. All these were carried out after a background study of the physicochemical 
and bacteriological properties of the contaminated soil samples. Based on the results of this work, the 
hypothesis has been confirmed, indicating that indigenous bacteria isolated from Apo mechanic village 
(Pseudomonas species and Klebsiella species were the primary organisms isolated) are biosurfactant 
producers and displayed the ability to degrade motor oil. Molecular identification of the isolated 
bacteria was performed via respective sequenced 16S rDNA gene fragments. Sequenced 16S rDNA 
gene amplicons were compared with those in the National Centre for Biotechnology Information (NCBI) 
database and two major clusters were identified, isolates with designation B1 and C8 belonging to 
Pseudomonas species (Pseudomonas putida strain P11 and Pseudomonas alcaligenes strain 14909-1) 
while A2 belonged to Klebsiella species (Klebsiella aerogenes strain BR16). 
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INTRODUCTION 


Refined petrochemicals, including but not limited to 
petrol, kerosene, motor oil, diesel and _ other 
automotive lubricating oils represent an ever 
increasing group of pollutants which threaten the 
environment via_ industrial effluent discharges, 
defective containment facilities, etc (Cordes et al., 


2016; Al-Ghouti, et al., 2019). Automotive workshops 
are particularly plagued with incessant release of 
used motor oil which ultimately leaches out from the 
top and subsoil into groundwater, thereby exerting 
deleterious effects on soil fertility, aquatic and 
terrestrial life-forms (Ewetola, 2013; Hentati et al., 


2013; Kawo et al., 2018a). 

As a measure to combat the damaging effect of 
automotive motor oil on soil, research has turned to 
the application of microorganisms and has found that 
certain species of organisms possess evolutionary 
mechanisms via which they can restore the 
hydrocarbon contaminated soil back to its original 
state (Kawo et al., 2018a; Araujo et al., 2020). Such 
microorganisms generally classified as 
hydrocarbonoclastic organisms have been reported 
to vitiate an array of long to branched chain 
petroleum products which include but Is not limited to 
species of Achromobacter, Alcanivorax, Bacillus, 
Burkholderia, Cycloclasticus, Enterobacter, 
Escherichia, Klebsiella, Gordonia, Halononas, 
Mycobacterium, Nocardia, Polaromonas, Proteus, 
Pseudomonas, Rhodococcus, Serratia, 
Staphylococcus, Thalassolituus, etc ( Kumar et al., 
2011; Megharaj et al., 2011; Waikhom et al., 2020). 
Reports indicate that within the microbial machinery, 
organisms possess diverse weaponry of bioactive 
molecules that serve to degrade, detoxify and 
neutralize different categories of pollutants via unique 
pathways (McGenity, 2014). One of such avenues is 
the secretion of biosurfactants. The desire to isolate 
and identify biosurfactant producing 
hydrocarbonoclastic microorganisms has increased 
amongst environmental scientists owing to their 
reported roles in not only bioremediation but in soil 
washing, production of bio-detergents and soil 
flushing as eco-friendly agents with very low toxicity 
and high biodegradability (Souza et al., 2014; Varjani 
and Upasani, 2016a). 

Over the years, research has found that a diverse 
group of hydrocarbon- degrading microorganisms 
inhabit petroleum ravaged environments. These 
group of organisms can survive on major constituents 
within a complex pollutant like engine oil (Obayori et 
al., 2014; Kawo et al., 2018a). Microbial utilization of 
hydrocarbons and/or their components (n-alkanes, 
aromatic compounds, polycyclic aromatic 
compounds, nitrogen and sulfur heterocyclics) as a 
sole carbon source or as electron donors has been 
indicated in several reports (Waikhom et al., 2020). 
The Apo mechanic village of the Abuja metropolis, 
Nigeria is one of such environments where soil is 
exposed to the constant release of motor oil from 
automotive repair activities. The objective of this 
study was to isolate and characterize hydrocarbon 
degrading microorganisms from an active automotive 
workshop and verify the claims that surfactants 
produced by such microorganisms could be used to 
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degrade engine oil. 


MATERIALS AND METHOD 
Sample Collection and Microbial Isolation 


Soil sample visibly stained with automotive oils was 
obtained from three (3) collection points to the depth 
of 20 cm as measured, within the Apo mechanic 
village, Abuja and kept in sterile polystyrene 
containers using a sterile spatula. The distance of 
each sampling point was 30 meters in either direction 
of each other. The collection containers were labelled 
properly and immediately transported to the Sheda 
Science and Technology Complex (SHESTCO) 
laboratories for further analyses (Kawo et al., 2018a). 
(This work is a continuation of the experiments 
carried out in the article published by Kawo et al., 
2018a). Isolation of the microorganisms was carried 
out by weighing out five grams (5g) of the collected 
soil samples and aseptically placing them into 250ml 
conical flask containing 100ml Minimal salt (MS) 
medium (0.5 g/L (NH4)2S04, 0.19/L MgSO4-7H20, 
0.076g/L Ca(NO3)2.4sH20 and 40 mM phosphate 
buffer) at pH 7.25. The mixture was then placed in an 
incubator shaker for 5 days at 120 RPM, 33°C. Using 
the serial dilution technique (up to 10°) in 0.5% sterile 
distilled water, 0.1ml aliquots from the serial dilutions 
were inoculated unto three different sets of nutrient 
agar medium supplemented with 0.3% fluconazole 
via spread plate method. These were then incubated 
at 33°C for 48 hours. Morphologically distinct 
colonies were isolated and purified by replicating on 
the same solid medium to obtain pure cultures. 


Biodegradation Capability 


Each pure isolate was tested and found to be 
biosurfactant producers via emulsification, foam 
activity and haemolytic assessment in a previous 
experiment that we carried out (Kawo et al., 2018b), 
which is completed in this experiment. Each isolate 
was then grown in 250 ml conical flasks containing 
sterile nutrient broth for 24-72 hours after which the 
solutions were collected and spun at 10,000 RPM, 
4°C for 10 minutes. The supernatant was then 
aseptically transferred into another set of sterile 
conical flasks under the laminar flow hood and spiked 
with 5% motor oil (SAE 20-50) bringing the total 
volume to 100mls. The flasks were then placed in the 
incubator shaker at 120 RPM, 33°C for 30 days. 
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Following incubation, the sample was centrifuged at 
12,000 RPM, 4°C for 5 minutes and the oil layer 
collected in a sterile glass tube. 


Hydrocarbon Analysis 


The liquid-liquid extraction (LLE) technique as stated 
in the USEPA Method 3510 was employed in 
conjunction with Method 3500c for the water sample. 
1 litre of the sample was serially extracted with 60 mL 
of methylene chloride at a pH greater than 11 (with 
sodium hydroxide solution) and again at a pH less 
than 2 (with sulfuric acid) using a separatory funnel 
with the intent of achieving good recovery of the 
desired analytes. 1.0 mL of the surrogate spiking 
solution was added and mixed. The technique 
required strong shaking with periodic venting to 
release excess pressure, followed by the separation 
of the organic layer (extract) from the aqueous phase. 
The extract was then filtered through a desiccant 
(anhydrous NazSOz4) to remove moisture and 
concentrated using Snyder column to a volume of 1 
mL prior to the analysis. A test portion of 5.00g of the 
soil sample was weighed into 20-mL glass 
scintillation vials, and 10 mL of methylene chloride 
was added to each vial. The vials were sealed with a 
foil-lined cap and shaken on a reciprocating platform 
shaker (Eberbach 6010, Fisher Scientific, St. Louis, 
MO) at 120 cycles/min for 1 h. The extracts were 
centrifuged for 10 min at 2000 rom and removed 
carefully from the centrifuge, and the extraction 
solution was decanted and stored at 4°C until 
analysis. All the samples were analysed by GC/MS 
using an Agilent 7890 Series GC (Agilent J&W DB-UI 
8270D) coupled with MS 6975 MSD single 
quadrupole system. Analysis of total petroleum 
hydrocarbons (TPH) and_— quantification of 
polyaromatic hydrocarbons (PAHs) in each sample 
was performed according to EPA method 8270D- 
2007 (Wang and Stout, 2016). 


Molecular Characterization 


The genotypic identification of the microorganisms 
was performed using universal bacterial primers; 27F 
(51-GAGTTTGATCCTGGCTCAG-31) and 1492R 
(51-GGTTACCTTGTTACGACT-31). The PCR 
reaction was done in a 25ulcontaining 2.5ul of 10X 
buffer supplemented with 15mM MgCl2, 100mM Tris- 
HCl, 500mM KCI, O.5yul of each oligonucleotide 
primer (F+R), 2ul of O.04mM each dNTPs, 2ul of the 
extracted DNA, 0.25ul of 0.25 units/25ulTaq DNA 


polymerase and 7.25ul of autoclaved distilled water. 
The reaction was run for 36 cycles; denaturation at 
94°C for 2 min, annealing at 52°C for 1 min as well 
as an elongation step at 72°C for 2 min. Amplified 
fragments of PCR products were purified and 
sequenced. The resulting 16S rRNA gene sequences 
were analyzed to obtain sequence similarity using the 
BLAST tool then compared to the corresponding 
neighbour sequences from GenBank-NCBI database 
for taxonomic identification 
(http://www.ncbi.nim.nih.gov/BLAST/). 


RESULTS 


Microorganisms surviving in an environment that is 
highly susceptible to hydrocarbon pollution are 
expected to have adapted to this extreme condition 
whereby they can utilize the hydrocarbon moiety as 
their sole source of carbon. Obtaining 
microorganisms from oil contaminated sites should 
enhance research efforts in isolating microbial strains 
that are well equipped for the task of hydrocarbon 
degradation (Nwinyi and Olawore, 2017). 

Analytical Characteristics for 
Analysis 


Hydrocarbon 


Analytical determination of the polycyclic aromatic 
hydrocarbons in each sample via GC-MS procedures 
was authenticated by the assessment of the limits of 
detection (LoD), limits of quantification (LoQ) as well 
as both the linear and working ranges (Table 1). 
Calibration curves were constructed with the external 
standard multipoint calibration for each TPH and 
PAH. Quantification of the analyzed compounds was 
performed in the linear range of the calibration 
curves. A _ linear response was obtained with 
coefficients of determination (r2) ranging from 0.995 
to 1.000. At the lower end of the range, the restrictive 
factor is LoQ, while, at the upper end, limitations are 
imposed by various effects depending on the 
instrument response. Linearity was evaluated from 
the regression function of calibration using 5 
standards (0.25, 0.50, 1.00, 2.00, 5.00, mg/kg PAH). 
The fit for purpose linear range was selected to be 
between LoQ and 5.00 mg/kg. 


Petroleum Hydrocarbon Content 


Analysis of the residual hydrocarbon content and 
concentrations of engine oil post-degradation 
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Table 1. Molecular Mass, Retention Time, Limit of Detection, Limit of Quantitation and M/Z for The 


PAHs. 


Compound a Ae No. of 
Formula | rings 
Naphthalene | 128.00 | CtoHs | 2 | 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo[c]phenanthrene 
Benziajanthracene 
Chrysene 
Benzo[e]pyrene 


3-Methylcholanthrene 
Indeno[1,2,3-cd]pyrene 


a min a a 

| 7.683 | 0.06 | 128, 127, 129, 102, 87 
Hse eee [a tease] an] 152, 151, 150, 76, 63 
| 184.00 | CrrHio | 3 | 10.939 | 0.02 | 0.06 
| 166.00 | CrsHio | 3 | 14.963 | 0.02 | 0.06 
| 178.00 | CuHio | 3 | 13.670 | 0.03 | 0.09 
178.00 | CuHio | 3 | 13.854 | 0.02 | 0.06 | 
| 228.00 | CisHi2 | 4 | 18869 | 0.06 | 0.20 | 
| 228.00 | CrwHi2 | 4 | 19.132 | 0.06 | 0.20 
Benzolj+k+b]fluoranthene 
| 276.00 | CoH | 6 | 23386 | 180 | 210 | 


154, 152, 102, 76 
166, 165, 82, 83 
178, 176, 179, 152 
178, 176, 179, 89 
202, 200, 101,203 
202, 200,101, 100 
288, 226, 227, 113 
228, 226, 229, 114 
228, 226, 229, 227 
292, 290, 126, 253 
202, 290, 253, 126 
268, 252, 253, 267 
276, 138, 278, 279 


Benzo(ghilperylene 276.00 | CoHi2 | 6 | 23.281 276, 274, 138, 277 
Dibenzofa,hlpyrene 302.00 | CoH | 6 | 26.222 302, 300, 150,303 
Dibenzo(a,i)pyrene 302.00 | CoH | 6 | 27.613 302,303, 300, 151 


Benzolalpyrene 


252.00 21.394 


292, 225, 161, 253 


\ Diheeop iowa ° 


Figure 2A. GC-MS chromatogram of degraded engine oil by organisms designated A2. 


experiment was recorded (Figures 2A-4C, Table 2). 
The TPH contents according to GC-FID analysis from 
culture vessels treated with each individual pure 
culture were found to be in the range of 13.54 to 
55.11 pom of constituent hydrocarbons C8-C38 in 
comparison to that of the control sample 18,639.41 


ppm at day O (Figures 1C, 2C, 3C, 4C). GC-MS 
fingerprints of the automotive oil revealed that the 
principal 2 ring PAH naphthalene showed varying 
degrees of degradation at 100%, 97.75% and 
77.23% for culture-free supernatant of isolates C8, 
A2 and B1 respectively (Table 2). All PAH par Dibenz 
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Figure 2B. GC-MS chromatogram of degraded engine oil by organisms designated A2. 
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Figure 2C. GC-FID chromatogram of degraded TPH engine oil components by organisms 


designated A2. 


[a,n] anthracene (99.96%) and Benzo [a] pyrene 
(99.97%) showed 100% degradation in culture flasks 
spiked with isolate C8 culture-free supernatant. 
Furthermore, Benzo [e] pyrene which was highest in 
the control sample was drastically reduced by 
96.71% and 95.63% from isolates A2 and B1. 


Molecular Identification 


Molecular identification of the isolated 
microorganisms was performed via_ respective 
sequenced 16S rDNA gene fragments. Sequenced 
16S rDNA gene amplicons were compared with 
those in the NCBI database and two major groups 
were identified, isolates with designation B1 and C8 


belonging to Pseudomonas while A2 belonged to 
Klebsiella (Table 3). The closest relatives to these 
isolates together with their percentage similarity as 
obtained from the search BLAST as well as the 
awarded accession numbers at the NCBI database is 
given (Table 3). 


DISCUSSION 


The use of crude oil and its associated processed 
products has increased tremendously in recent 
times, whose handling and/or disposal particularly in 
developing countries like Nigeria has given rise to 
increased environmental awareness on the hazards 


Olawore and Kawo 163 


Atnewianrce Ti Bt Ceol fre 
5 “ero? 
oy 
J, et f 
* 


or 


| 
| 
7 
| 
| 
| 
| 
| 
| 


“ef? , 4 ' : me ay 
as i ’ 4 
E _ he 5 
eet? . s ie) a ® 
r —&: i c 
’ %. > 
f - a ” i 
S000 = - 
. “ » 4 
: 5 : + | 5 j 
3 . &§ ‘ Ss: u 
= : — — — 
1. same ged | = i. ene 1 oe ee oe ee ee 8 Ty ant Deb y rT? rv ry, a ee ee a 
tore & tM) ) mt 7 oO 7 (=> 14 (—) 1 0 ’ (=> th) oO *1m) 41> » om CM) ~~) tm << (> 


Atiwsdance Til Ot Ohetateourn reve , 
i! 4 Hy 
yor 


i'eDoo00d I \ 


tieinan 


toro | 


j ' 
r | 
12ooo0O i} 


toOoooo ‘ 


1 
f 
Mint 5 





now if 
' 
f) 
' = 
sewn 7 
tS vil 
\ ' re F ~al ‘ 
_— ty 
2oo000 7. \y ASM = 
i, ! | vA. — yiew — = 
, he aw oe AMS petal — — _ 
PAO £ SS — rot a. a oe my i a ce om a ee 2 ee " ~~ ve Ee ee LD 0 Pe a A 2 oe el OE PL 
T wre a4) t tm) * ty tc) te) +7 tM) 14 Of oe ome? ea Ooo 7) 1m 22 (i. 74 i ae (=? 20) OM at) to) 7 cm) 


Figure 3B. GC-MS chromatogram of degraded engine oil by organisms designated B1. 
Benzola]pyrene detected. 





Figure 3C. GC-FID chromatogram of degraded TPH engine oil components by organisms 
designated B1. 


to the environment (Gagandeep and Malik, 2013; The application of microorganisms as a tool in 
Maijama’a and Musa, 2020). bioremediation has for over a decade been 
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Figure 4A. GC-MS chromatogram of degraded engine oil by organisms designated C8. 
Dibenz [a, h] anthracene detected. 
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Figure 4B. GC-MS chromatogram of degraded engine oil by organisms designated C8. 
Benzola]pyrene detected. 











| 


Figure 4C. GC-FID chromatogram of degraded TPH engine oil components by 
organisms designated C8. 


considered as the most efficient, environmentally- al., 2013; Cappello et al., 2019; Waikhom et al., 
friendly and economically-strategic method for 2020). For effective elimination of hydrocarbons 
dealing with hydrocarbon polluted soils (Mahjoubi et from the environment, microbial-transformation and 
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Table 2. GC-MS analysis of engine oil and its components (control). Degraded 
residual components from different organisms also indicated 


Naphthalene 0 
Acenaphthylene aie | 0 | 0m | 
Acenaphthene p 382 | lo | t87_ | 
Fluorene 
Phenanthrene 0 
Anthracene 0 
Fluoranthene 
Pyrene 0 
Benzo[c]phenanthrene 0 
Benz[alanthracene 0 
Chrysene 0 
Benzo[e]pyrene 0 
Benzo[k]fluoranthene 0 
3-Methylcholanthrene 0 
Indeno/1,2,3-cd]pyrene 0 
Dibenz [a, h] anthracene 0.03 
Benzo[ghiJperylene 0 
Dibenzo[a,h]pyrene 0 
Dibenzota,ipyrene 
Dibenzo(a,)pyrene 
Benzolalpyrene 0.07 
TOTAL 0.1 
TPH 0 
4 ' i i . . 
A r i i 3 : 
Nd MONPRLY NAIL A ase ep Preah tt at 
Figure 1A. GC-MS chromatogram of degraded engine oil. 
degradation is now fathomed to be the leading Olawore, 2017). Reports suggest the secretion of 


decomposition procedures used (Nwinyi and bioactive surfactant molecules that aid in the 
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Figure 1B. GC-MS chromatogram of degraded engine oil. Benzo[a]pyrene detected. 
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Figure 1C. GC-FID chromatogram of degraded TPH engine oil components. 


utilization of hydrocarbons, whereby these 
molecules increase the surface area between oil and 
water via emulsification, the result of which is the 
enhanced solubility of hydrocarbons by partitioning 
micelles (Franzetti et al., 2010; Musale and Thakar, 
2015). In this study, microorganisms isolated from 
previously characterized soils (Kawo et al., 2018a), 
were examined for their inherent ability to degrade 
automotive engine oil. Having already established 
that these microorganisms were biosurfactant and 
bioemulsifier producing organisms, broth solutions 
containing their emulsifying molecules and 
surfactants but devoid of bacterial cells was 
collected and spiked with 5% SAE 20-50 engine oil. 
Data obtained after 30 days of incubation revealed 
that degradation of component aliphatics ranging 


from C11 (n-undecane) to C38 (n-Octatriacontane) 
took place as much as 100% in cell free extracts of 
isolate designated C8. Of the 18,639.42 (ppm) of 
TPH detected in the control (SAE 20-50) sample, the 
residual amount of TPH obtained from each reaction 
flask gave the values 13.54 (ppm) for isolate A2 and 
55.11 (ppm) for isolate B1, which represented a 
99.93% and 99.70% reduction respectively. 
Consumption of the component PAH also revealed 
a similar pattern with the initial 1,741.93 (ppm) initially 
identified and enumerated in the control sample 
dropping to 0.1 (ppm) for isolate C8 cell-free extract 
containing flasks, 84.47 (ppm) for A2 and 270.79 
(ppm) for B1 (Table 2). This represented a 99.96%, 
95.15% and 84.45% degradation in PAH content 
respectively. Data obtained revealed that overall, the 
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Table 3. Identification of bacterial isolate based on sequence alignment (BLAST) 


Nearest Phylogenetic Relative | Strain Accession — sone ) 

A2 

Klebsiella aerogenes 96 

Enterobacter asburiae 96 

Klebsiella aerogenes 96 

Klebsiella aerogenes 96 

Buttiauxella izardii 96 
rr a 

B1 

Pseudomonas alcaligenes 93 

Pseudomonas pseudoalcaligenes 93 

Pseudomonas resinovorans 93 

Pseudomonas alcaligenes 93 
rr ae 

C8 

Pseudomonas putida 100 

Pseudomonas plecoglossicidal 100 

Pseudomonas taiwanensis 100 

Pseudomonas putida 100 


best performing organism by way of motor oil 
degradation from its cell-free extract was that of C8, 
followed by A2 then B1. 

Molecular identification revealed that isolates C8, 
A2 and B1 shared 100%, 96%, 93% sequence 
similarity with Pseudomonas putida strain p11 H06, 
Klebsiella aerogenes strain BR16 and Pseudomonas 
alcaligenes strain 14909-1 (Table 3) respectively. 
Typically, species belonging to the family of 
Pseudomonas have been documented as one of the 
most versatile groups of organisms commonly found 
in hydrocarbon polluted environments (Crone et al., 
2019) and are one of the pioneer hydrocarbon 
degraders (Obayori et al., 2014). The findings in this 
study reaffirms several other reports which revealed 
that several sub-species of Pseudomonas were 
capable of degrading over 70-90% of fresh engine oil 
over an incubatory period of 30 days (Adelowo et al., 
2006: Jayashree et al., 2012; Sharma et al., 2015). 
This group of bacteria are particularly Known for their 
secretion of rhamnolipid biosurfactants whose 
efficiency is concomitant to the presence of Alk 
(alkanes) NAH (naphthalene) and OCT (octane) 
degradative plasmids (Silva et al., 2006; Thakur et. 
al., 2021). The family of Klebsiella have also been 
documented as_ hydrocarbonoclastic bacteria, 
naturally occurring in well over 40% of the overall 


petroleum degrading bacteria that exist in nature 
(Rodrigues et al., 2009, Aransiola et al., 2017). For 
over a decade, this family of bacteria have been 
known to completely degrade over 90% of the 
nonane, toluene, xylene and naphthalene moieties in 
engine oil (Survery et al., 2004, Zango et al., 2020). 
A similar occurrence was observed in this study. 


CONCLUSION 


This study shows that Pseudomonas _ putida, 
Klebsiella aerogenes and Pseudomonas alcaligenes 
were the primary organisms isolated from soil 
collected from the Apo mechanic village within the 
Abuja metropolis of Nigeria and displayed the ability 
to degrade engine oil using only its cell free extracts. 
lt further confirms the potential of these isolates for 
use in bioremediation of petroleum polluted sites, 
particularly in environments polluted with mixtures of 
wide range of hydrocarbon components. 
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